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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an inexpensive solid electrolytic type fuel 
battery separator made of metal in which a good oxidized coating having good electric 
conductivity is formed at about i 000°C, furthermore having good oxidation resistance 
and moreover small in a difference in thermal expansion with electrolytes. 
SOLUTION: This steel for a solid electrolytic type fuel battery separator has a compsn. 
contg., by weight, <0.2% C, <3.0% Si, <1 .0% Mn, 1 5 to 30% Cr, <0.5% Hf, and the 
balance substantial Fe, and one or > two kinds among <0.5% Y, <0.2% rare earth 
elements and <1% Zr and one or > two kinds among <2% Ni, <1% Al, <1% Ti, <2% Nb 
and <5% (Mo+l/2W) may be incorporated therein. 
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[Claim(s)] 

[Claim 1] Steel for solid oxide fuel cell separators characterized by becoming a 
remainder real target from Fe including less than CO.2%, less than Si3.0%, less than 
Mnl.0%, 15 to 30% of Cr, and less than Hf0.5% in weight %. 

[Claim 2] In weight %, less than CO.2%, less than Si3.0%, and less than Mnl.0% 15 to 
30% of Cr, less than Hf0.5% and less than nickel2%, and less than aluminuml% Steel for 
solid oxide fuel cell separators characterized by containing one sort not more than Nb2%, 
or two sorts or more 5% or less by Mo+l/2W, and becoming a remainder real target from 
Fe about one sort of less than Til%, and No and W, or two sorts. 
[Claim 3] In weight %, less than CO.2%, less than Si3.0%, and less than Mnl.0% Steel 
for solid oxide fuel cell separators characterized by becoming a remainder real target 
from Fe including 15 to 30% of Cr, less than Hf0.5% and less than Y0.5%, 0.2% or less 
of a rare earth element, one sort not more than Zrl%, or two sorts or more. 
[Claim 4] In weight %, less than CO.2%, less than Si3.0%, and less than Mnl.0% 15 to 
30% of Cr, less than HfD.5% and less than nickel2%, and less than aluminuml% One sort 
of less than Til%, and Mo and W, or two sorts by Mo+l/2W 5% or less, Steel for solid 
oxide fuel cell separators characterized by one sort or the thing [ two or more sorts / a 
remainder real target / Fe ] including less than Y0.5%, 0.2% or less of a rare earth 
element, one sort not more than Zrl%, or two sorts or more not more than Nb2% further. 
[Claim 5] In weight %, less than C0.08%, 0.2 to 2.0% of Si, 0.2 to 1.0% of Mn, 18 to 
25% of Cr, 0.01 to 0.3% of Hf, and less than nickelO.9% less than aluminum0.5% and - 
- one sort of Y0.01 - 0.3%, 0.01 to 0.12% of a rare earth element, and 0.05 to 0.8% of Zr 
or two sorts or more are included « the remainder — steel for solid oxide fuel cell 
separators characterized by consisting of Fe substantially. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the steel used for the separator of a solid 

oxide fuel cell. 

[0002] 

[Description of the Prior Art] Since a fuel cell has the outstanding features, such as that 
there are few yields of being [ the power generation efficiency / high ], SOx, NOx, and 



C02, that the response to change of load is good, and a compact thing, the width the 
large-scale concentration type as substitution of thermal power generation, a city suburbs 
distribution type, for home generations of electricity, etc. - application to a large power 
generation system is expected. 

[0003] Although classified into a phosphoric acid type, a fusion carbonate type, a solid 
oxide type, and a polymer solid oxide type according to the electrolyte used for the kind 
of fuel cell, A solid oxide fuel cell is what is operated near 1000 degree C using Ceramics 
Sub-Division, such as fully stabilized zirconia, as an electrolyte especially. Fuel with 
possible internal property modification of the fossil fuel by high temperature, various 
coal gas, etc. can be used [ that it is not necessary to use a catalyst for an electrode 
reaction ], Efficient power generation is attained by using high temperature exhaust heat, 
combining with a gas turbine or a steam turbine, and considering it what is called as 
combined cycle power generation, Since all structures are solids, it has the outstanding 
features, such as a compact thing, and promising ** is carried out very much as a next- 
generation source of an electric power supply. 

[0004] However, many examination technical problems are left behind for utilization of a 
solid oxide fuel cell. When it is the monotonous type fuel cell in which especially high 
power density is possible, a separator is mentioned as an important constituent factor. A 
separator supports three layers, an electrolyte, a fuel pole, and an air pole, and it has the 
duty which sends current while it forms a gas stream way. Therefore, the characteristics, 
like being electrical conductivity in high temperature, being oxidation resistance, and a 
thermal expansion difference with an electrolyte is still smaller are required of a 
separator. 

[0005] In view of such the demand characteristic, many conductive Ceramics Sub- 
Division has been used conventionally. However, since processability is bad expensive 
again, Ceramics Sub-Division has left the problem from the field of enlargement of a fuel 
cell, and utilization. Therefore, it is inexpensive and development of the separator by a 
reliable metal material is demanded. Moreover, if the usual metal material is used near 
1000 degree C, the surface will oxidize and an oxide layer will be produced. Therefore, in 
order to use as separator material, this oxide layer is stable, it is required for oxidization 
not to advance, and it is required for this oxide layer to have electrical conductivity 
further. 

[0006] In JP,H6-264193,A, it is a metal material for solid oxide fuel cells, The austenitic 
stainless steel which becomes less than C0.1%, 0.5 to 3.0% of Si, less than Mn3.0%, 15 
to 30% of Cr, 20 to 60% of nickel, 2.5 to 5.5% of aluminum, and a remainder real target 
from Fe is indicated. Using the material set to 60 to 82% of Fe and 18 to 40% of Cr from 
the addition element (La, Y, Ce, or aluminum) which reduces the contact resistance 
between the air poles of said single battery as a separator of a solid electrolyte fuel cell 
for JP,H7-166301,A is indicated. Furthermore, the material which becomes 5 to 30% of 
Cr, 3 to 45% of Co, less than Lal%, and a remainder real target from Fe as a metal 
material for solid oxide fuel cells is indicated by JP,7- 145454, A. 
[0007] 

[Problem(s) to be Solved by the Invention] Since the material indicated by JP,H6- 
2641 93,A mentioned above contains a considerable quantity of aluminum and Cr(s), a 
surface oxide layer makes aluminum system oxide a subject, and contains Cr system 
oxide in this. However, since aluminum system oxide has the low rate of electrical 



conduction, it is not enough as an object for solid electrolyte separators, so that it may 
mention later. Furthermore, since the thermal expansion coefficient of austenitic stainless 
steel is large as compared with electrolytic fully stabilized zirconia, a problem is in the 
stability in prolonged use. Moreover, since many expensive nickel is included, it is high 
also in price, and it is thought for utilization of a fuel cell that it is inadequate. 
[0008] [ the material indicated by JP,H7- 166301, A or JP,H7-145454,A mentioned above 
] As compared with austenitic stainless steel, a thermal expansion coefficient is low, 
since it is close to the thermal expansion coefficient of electrolytic fully stabilized 
zirconia, it is advantageous to the stability in prolonged use, and the rate of electrical 
conduction is also good. However, according to examination of this invention person, the 
oxidation resistance after prolonged use was not enough. The purpose of this invention is 
having good oxidation resistance and offering the metal separator material in which a 
thermal expansion difference with an electrolyte is small still more inexpensive while 
forming the oxide layer which has good electrical conductivity in near 1000 degree C. 
[0009] 

[Means for Solving the Problem] this invention person made the target metal material the 

ferrite system first variously as a result of examination. The thermal expansion ^^^^O 

coefficient from the normal temperature of the fully stabilized zirconia which is the 1st ^ 

electrolyte of this Reason to 1000 degrees C receives 1 1 - 12x10 minus 6 power/degree fajr^ 

C. It is because a problem is in stability in use [ prolonged ] with the metal material of the ^ 

usual Os Tena Ito system since it is more than 16x10 minus 6 power/degree C and both 

thermal expansion difference is large, or [ that it is generally expensive since the 2nd , S****' 

Reason contains nickel with the expensive Os Tena Ito system, but a ferrite system uses 

Fe as a base and nickel is not included ] — or although contained, since it is little, it is 

because it is inexpensive. 

[0010] Next, this invention person examined many things about the electrical 
conductivity of the oxide layer formed. The oxide of aluminum and the oxide of Cr were 
examined as a representative of the oxide layer which has protection nature. When it 
became the high temperature near 1000 degree C, generally the A1203 of the protective 
action was greatly more advantageous, but it turned out that 100m ohm-cm 2 is not 
exceeded if the electrical resistance of A1203 tunic formation material is measured, and it 
cannot be used as a separator. On the other hand, the electrical resistance of Cr203 tunic 
formation material is two or less 100m ohm-cm, and the separator found that it was 
usable. Then, it was based on the ferrite system metal material which forms in the surface 
the oxide layer which makes Cr system oxide a subject in this invention, i.e., a Fe-Cr 
system. 

[001 1] Next, in near 1000 degree C, the oxidation resistance of Cr system oxide layer is 
usually inferior [ when using it for a long time, it is the oxidation resistance which poses 
a problem, but ] to aluminum system oxide layer as mentioned above. Moreover, even 
when making Cr system oxide into a subject, oxidation resistance is inferior to the alloy 
(for example, nickel-Cr alloy represented by JIS NCF600) of nickel base in the direction 
of the alloy (for example, a Fe-Cr alloy like SUS430) of Fe base. Therefore, only by 
considering it as a Fe-Cr system simply, it is difficult to satisfy oxidation resistance. 
[0012] In order that this invention person may solve the problem mentioned above, as a 
result of examining many things, by adding Hf in a Fe-Cr system, making Cr system 
oxide layer into a subject, good oxidation resistance was acquired and after prolonged 
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heating found out that exfoliation of a coat was not seen. Moreover, when one sort of Y, a 
rare earth element, and Zr or two sorts or more were added further in addition to Hf, that 
oxidation resistance improves further also found out. In addition, since Cr system oxide 
layer was a subject, the oxidization coat formed even if it performs these addition found 
out that electrical resistance did not become so large, either. 
[0013] That is, this invention is steel for solid oxide fuel cell separators of Fe at a 
remainder real target including less than CO.2%, less than Si3.0%, less than Mnl.0%, 15 
to 30% of Cr, and less than Hf0.5% in weight %. In this invention, one sort less than 
nickel2%, less than aluminum 1%, less than Til%, and not more than Nb2% or two sorts 
or more can be included. 

[0014] Moreover, in this invention, it is desirable to contain less than Y0.5%, 0.2% or 
less of a rare earth element, one sort not more than Zrl%, or two sorts or more. In weight 
%, more suitably Less than CO.08%, 0.2 to 2.0% of Si, 0.2 to 1.0% of Mn, 18 to 25% of 
Cr, 0.01 to 0.3% of Hf, It is steel for solid oxide fuel cell separators of Fe at a remainder 
real target including one sort of 0.01 to 0.12% of a rare earth element, and 0.05 to 0.8% 
of Zr, or two sorts or more less than nickelO.9%, less than aluminum0.5%, and Y0.01- 
0.3%. 
[0015] 

[Embodiment of the Invention] The Reason for ingredient limitation in this invention is 
explained below. Although C has the operation which forms carbide and increases high 
temperature intensity, it decreases the amount of Cr(s) effective in oxidation resistance by 
degrading processability on the other hand and being connected with Cr again. Therefore, 
it limits to 0.2% or less. It is 0.08% or less desirably. Si ~ the case of this invention ~ 
SiO thin near the interface of a Cr203 system oxidization coat and a base material - it 
has the operation which forms a coat 2 system and raises oxidation resistance, however — 
while too much addition causes the fall of processability and toughness — SiO - a coat 
becomes thick too much 2 system, and since the problem to which the electrical 
conductivity of a coat falls arises, you may be 3% or less. It is 0.2 to 2.0% desirably. 
[0016] Mn — Cr — it is required to raise the adhesion nature of a tunic 203 system. 
However, if it adds too much, since the oxidation resistance of the SUPINERU type 
oxide of Mn content is insufficient, oxidation resistance will worsen. Therefore, Mn is 
limited to 1% or less. It is 0.2 to 1.0% desirably, setting Cr to this invention CkSUB> 
— it is an element important 203 system, in order to maintain oxidation resistance and 
electrical conductivity by generation of a tunic. Therefore, 15% is needed at worst. 
However, since too much addition causes degradation of about [ that there is no effect in 
oxidation-resistant improvement so much ] or processability, it is limited to 15 to 30%. It 
is 18 to 25% desirably. Hf is an important element in this invention. Although it was 
difficult to give good oxidation resistance only by Cr system oxide layer as mentioned 
above, it was found out that oxidation resistance improves greatly by a little Hf addition. 
This is considered to be based on the effect of mainly improving the adhesion nature of 
an oxide layer. However, since too much addition degrades the processability between 
heat, it is limited to 0.5% or less. It is 0.01 to 0.3% desirably. 

[0017] Y, a rare earth element, and Zr have the effect of improving oxidation resistance 
further, by adding in small quantities combining Hf. However, since too much addition 
degrades the processability between heat, a rare earth element limits Y to 0.5% or less, 
and is limited to 0.2% or less, and Zr is limited to 1% or less. As for Y, Zr of a rare earth 



element is 0.05 to 0.8% 0.01 to 0.12% 0.01 to 0.3% desirably. Moreover, if one sort or Si 
of a proper quantity [ sorts / two or more ] of Hf, Y, a rare earth element, and Zr, and Mn 
addition are combined, oxidation resistance will improve further. This is considered to be 
because for the adhesion nature of an oxide layer to mainly be improved by compound 
operation of these elements. Moreover, like below-mentioned Ti and Nb, Zr is connected 
with C, forms carbide, raises processability by C fixation, and contributes also to the 
improvement in intensity again. 

[0018] Although it is not necessary to necessarily add to this invention steel, since each 
element of nickel, aluminum, Ti, Nb, Mo, and W has the effect taken below, it can be 
added by independent or composite if needed, nickel has an effect in improvement in 
toughness by adding in small quantities to this invention steel. However, nickel is the Os 
Tena Ito generation element, and too much addition serves as ferrite OSU Tena Ito f s 2 
******, and causes the increase in a thermal expansion coefficient, and a cost rise. 
Furthermore, addition of too much nickel worsens oxidation resistance. Therefore, nickel 
is limited to 2% or less. It is 0.9% or less desirably. 

[0019] aluminum is added as ******. if many aluminum is added, an A1203 tunic will 
be formed, but as mentioned above, to oxidation resistance, although the A1203 tunic is 
effective, it increases the electrical resistance of an oxide layer. Therefore, in order to 
avoid formation of an A1203 tunic in the case of this invention, aluminum is limited to 
1% or less. It is 0.5% or less desirably. Ti is connected with C, forms carbide and raises 
processability by C fixation. However, TiO or Ti02 which does not not much have 
protection nature in near 1000 degree C is formed, and oxidation resistance is degraded. 
Therefore, Ti is limited to 1% or less. Nb as well as Ti is connected with C, carbide is 
formed, and while raising processability by C fixation, high temperature intensity is also 
increased. However, since too much addition degrades oxidation resistance, it is limited 
to 2% or less. 

[0020] Since it has the operation which makes high temperature intensity increase, when 
thinking high temperature intensity as important, you may add Mo and especially W. 
However, since oxidation resistance and processability will be degraded if it adds too 
much, it limits to 5% or less by Mo+l/2W. The electrical resistance of the oxidization 
coat at 1000 degrees C after carrying out lOOHr heating at 1000 degrees C preferably 
with the alloy composition mentioned above is two or less 50m ohm-cm. Exfoliation of a 
surface oxidization scale can obtain the steel for solid electrolyte fuel cell separators 
which does not happen substantially after lOOHr heating at 1 100 more degrees C. 
[0021] In addition, the electric resistivity of the oxidization coat at 1000 degrees C after 
the following elements carry out lOOHr heating at 1000 degrees C can contain an addition 
element within limits with which the scale exfoliation after two or less 80m ohm-cm, 
1 100 degrees C, and lOOHr heating fills two or less 0.5 mg/cm. For example, the addition 
element of the following ranges can be included. 

P<=0.04% S<=0.03% Cu<=0.30% V<=0.5% Ta<=0.5% Mg<=0.02% Ca<=0.02% 

Co<=2% [0022] 

[Example] 

(Example 1) Steel of the composition shown in Table 1 was ingoted with the vacuum 
induction furnace, and after producing a 10kg ingot, it heated at 1 100 degrees C and 
****(ed) to the stick material of the 30mm angle. In addition, in Table 1, comparison 
steel No.41 are the Os Tena Ito system alloy known as NCF600. Moreover, comparison 



steel No.44 are a thing given in JP,H6-264193,A. In the manufacturing process of these 
samples, the crack generated No.9 alloy with the comparatively high amount of Cr(s) a 
little during the forge in this invention steel, and the tendency for processability to be 
slightly bad was shown. The specimen was started from these materials and various 
examinations were done. 
[0023] 
[Table 1] 
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[0024] First, after heat-treating lOOHr at 1000 degrees C among the atmosphere using a 
cylindrical specimen 10mm in diameter, and 20mm in length, the X diffraction 
investigated the kind of oxide generated by the surface. Furthermore, the amount of 
exfoliations of the surface oxidization scale was measured. Moreover, after performing 
lOOHr heating at 1000 degrees C among the atmosphere and making an oxide layer form 



in the surface using a 10mmxlOmmx3mm tabular sample, the electrical resistance at 
1000 degrees C was measured. In addition, electrical resistance was expressed with area 
resistance (momega andcm2). Moreover, since exfoliation of an oxidization scale was not 
seen after lOOHr heating at 1000 degrees C in almost all samples, the amount of 
exfoliations of the oxidization scale after performing lOOHr at 1 100 degrees C and 
performing lOOOHr heating at 1000 degrees C as an accelerated test further was 
investigated. Furthermore, about some samples, the thermal expansion coefficient from 
30 degrees C to 1000 degrees C was measured. These test results are collectively shown 
in Table 2. 
[0025] 

[Table 2] ' 
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ii 
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it 
R 


41 


16.7 
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10 
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42 
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380 I 


OjOO 


mm 


43 
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5 J0 
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Cr 2 O a , MnFajO* Ti0 2 
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29 
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47 
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0.00 


42 


1.47 




48 




Cr 2 O a . MnF^O* Ti0 2 


0.00 
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Cr 2 O a> TKX 


0.00 


26 


2.70 




So 




Cr 2 0 3 , MnFejO^ Ti0 2 


0.53 


55 


1.80 





[0026] This invention steel mainly forms 20Cr3 tunic by heating of 1000 degree- 
CxlOOHr in the atmosphere, and the value of electrical resistance is smaller than Table 2 
enough. On the other hand, since comparison steel No.42, and 43 and 44 contain 
aluminum 2% or more, an A1203 tunic is formed, and the value of electrical resistance is 
farther [ than the value of this invention steel ] large, moreover ~ since comparison steel 
No.48 had high Si, although it was not able to check in the X diffraction from the surface 



- probably - SiO - it seems that the coat is formed 2 system and the value of electrical 
resistance is high. When the amount of surface scale exfoliations after heating of 1000 
degree-CxlOOHr in the atmosphere is measured, it turns out that this invention steel has 
many amounts of exfoliations, and is not borne at prolonged use since comparison steel 
No.45 have few amounts of Cr(s) although exfoliation of a scale was not observed at all 
Moreover, in addition to this not containing Hf, comparison steel No. 50 are considered 
because Mn is high and the quantity of Mn2Fe04 increased although exfoliation of a 
scale was observed. 

[0027] Furthermore, comparison of the amount of surface scale exfoliations after heating 
of 1 100 degree-CxlOOHr in the atmosphere performed as an accelerated test will not 
observe exfoliation of a scale for heating in the high temperature of [ except for No. 16, 
and 17 and 18 ] 1 100 degrees C in this invention steel, either. Although exfoliation of the 
scale of a very small quantity [ 18 / No. 16, and / 17 and 18 ] is observed, this is 
considered because Si and the amount of Mn were lower. On the other hand in 
comparison steel No.41 (NCF600), and 45, 46, 47, 49 and 50, exfoliation occurred. Since 
the adhesion nature of the scale ran short according to the amount of Mn being low 
excluding Hf, that Hf, Y, a rare earth element, or Zr is additive-free No.46, that No.47 
have the low amount of Si(s) excluding Hf, and No.49 are considered. Excluding Hf, 
since Mn was too high, No. 50 are considered to be above. 
, [0028] If the amount of surface scale exfoliations after heating of 1000 degree-CxlOOOHr 
in the atmosphere which is another accelerated test condition is measured in this 
invention steel, C raise (No.7) and Cr lowers (No. 8) ~ Nb and Ti ~ it is high (No. 10) - 
Si lowers (No. 16) - Mn -- it is low (No. 17) Si and Mn -- being low (No. 18) - it turns 
out that the amount of scale exfoliations has increased a little. Next, this invention steel 
No.l - 5 are abbreviation 13x10 minus 6 power/degree C, and, as for the value of the 
thermal expansion coefficient from normal temperature to 1000 degrees C, they are close 
to the value of zirconia. On the other hand, since comparison steel No.41 and No.44 are 
the Os Tena Ito systems, its value of a thermal expansion coefficient is large. 
[0029] 

[Effect of the Invention] By using this invention steel for the separator of a solid oxide 
fuel cell, as stated above, low cost-ization of a fuel cell can be attained and it can 
contribute to utilization of a fuel cell, and enlargement greatly. 



[Written Amendment] 

[Filing Date] Heisei 9(1997) April 22 

[Amendment 1] 

[Document to be Amended] Description 
[Item(s) to be Amended] Claims 
[Method of Amendment] Change 
[Proposed Amendment] 
[Claim(s)] 

[Claim 1] Steel for solid oxide fuel cell separators characterized by becoming a 
remainder real target from Fe including less than CO.2%, less than Si3.0%, less than 
Mnl.0%, 15 to 30% of Cr, and less than Hf0.5% in weight %. 

[Claim 2] In weight %, less than CO.2%, less than Si3.0%, and less than Mnl .0% 15 to 



30% of Cr, less than HfO.5% and less than nickel2% 5 and less than aluminuml% Steel for 
solid oxide fuel cell separators characterized by containing one sort not more than Nb2%, 
or two sorts or more 5% or less by Mo+l/2W, and becoming a remainder real target from 
Fe about one sort of less than Til%, and Mo and W, or two sorts. 
[Claim 3] In weight %, less than CO.2%, less than Si3.0%, and less than Mnl.0% Steel 
for solid oxide fuel cell separators characterized by becoming a remainder real target 
from Fe including 15 to 30% of Cr, less than HfO.5% and less than Y0.5%, 0.2% or less 
of a rare earth element, one sort not more than Zrl%, or two sorts or more. 
[Claim 4] In weight %, less than CO.2%, less than Si3.0%, and less than Mnl.0% 15 to 
30% of Cr, less than HfO.5% and less than nickel2%, and less than aluminuml% One sort 
of less than Til%, and Mo and W, or two sorts by Mo+l/2W 5% or less, Steel for solid 
oxide fuel cell separators characterized by one sort or the thing [ two or more sorts / a 
remainder real target / Fe ] including less than Y0.5%, 0.2% or less of a rare earth 
element, one sort not more than Zrl%, or two sorts or more not more than Nb2% further. 
[Claim 5] In weight %, less than C0.08%, 0.2 to 2.0% of Si, 0.2 to 1.0% of Mn, 18 to 
25% of Cr, 0.01 to 0.3% of Hf, and less than nickelO.9% less than aluminum0.5% - and - 
- one sort of Y0.01 - 0.3%, 0.01 to 0.12% of a rare earth element, and 0.05 to 0.8% of Zr 
or two sorts or more are included — the remainder - steel for solid oxide fuel cell 
separators characterized by consisting of Fe substantially. 
[Amendment 2] 

[Document to be Amended] Description 
[Item(s) to be Amended] 0013 
[Method of Amendment] Change 
[Proposed Amendment] 

[0013] That is, this invention is steel for solid oxide fuel cell separators of Fe at a 
remainder real target including less than CO.2%, less than Si3.0%, less than Mnl.0%, 15 
to 30% of Cr, and less than Hf0.5% in weight %. In this invention, one sort not more than 
Nb2% or two sorts or more can be included for one sort of less than nickel2%, less than 
aluminuml%, less than Til%, and Mo and W, or two sorts 5% or less by Mo+l/2W. 



[Translation done.] 
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